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RESUMO

A bioacustica estuda a producdo de sons por animais. Para compreender a
comunicacdo entre eles, € preciso ter entendimento acerca das propriedades do
som, como ele é produzido, como é dada a propagacédo em diferentes ambientes, a
biologia da espécie e os sons produzidos por elas. Uma caracteristica que pode
estar presente em emissdes sonoras de algumas espécies € a individualidade. A
individualidade estéa associada a diversos beneficios na comunicacéo, desde que ela
seja percebida pelo receptor especifico do chamado. A individualidade esta presente
guando ha maior variacdo em caracteristicas das emissfes entre os individuos que
dentro dos individuos. Esta variacdo pode ocorrer em caracteristicas temporais e/ou
estruturais. Além disso, pode ocorrer por meio da presenca de fendbmenos nao
lineares. Neste trabalho, utilizamos como objeto de estudo a baleia-franca-austral,
Eubalaena australis, espécie de cetaceo que ocorre no Hemisfério Sul do globo
terrestre, para testar a hipétese de que ha individualidade em seus chamados e
observar se ha alguma relacéo entre a individualidade e fenbmenos nao lineares em
suas vocalizacdes, uma vez que sO ha esse tipo de estudo em uma das trés
espécies do género - Eubalaena glacialis.

Palavras-chave: Bioacustica; baleia-franca-austral; individualidade.



ABSTRACT

Bioacoustics studies the production of sounds by animals. To understand the
communication between them, it is necessary to understand the properties of sound,
how it is produced, how it propagates in different environments, the biology of the
species and the sounds produced by them. A characteristic that can be present in
sound emissions of some species is individuality. Individuality is associated with
several benefits in communication, as long as it is perceived by the specific receiver
of the call. Individuality is present when there is greater variation in emission
characteristics between individuals than within individuals. This variation may occur
in temporal and/or structural characteristics. In addition, it can occur through the
presence of nonlinear phenomena. In this work, we used as object of study the
southern right whale, Eubalaena australis, a species of cetacean that occurs in the
Southern Hemisphere of the globe, to test the hypothesis that there is individuality in
their calls and to observe if there is any relationship between the individuality and
nonlinear phenomena in their vocalizations, since there is only this type of study in
one of the three species of the genus - Eubalaena glacialis.

Keywords: Bioacoustics; southern-right-whale; individuality.



2.1
2.2
2.3
2.4
2.5

SUMARIO

INTRODUGAO GERAL ..ottt 8
REVISAO DE LITERATURA ......cvivieeeeeceeeeee e 9
COMUNICACAO NO MEIO AQUATICO .....coveviiceeeeeeee e 9
INDIVIDUALIDADE .....ooovtivtiteieeeeeeee ettt 10
FENOMENOS NAO LINEARES (FNL) ....cviviiriieeieieeee e 13
GENERO EUBALAENA ...ttt 17
EUBALAENAAUSTRALIS ....ooiivieeeceeeeeeeee e 18
REFERENCIAS — REVISAO DE LITERATURA ....c.coooviiveieiee. 21
ARE SHOUTHERN-RIGHT-WHALES (EUBALAENA

AUSTRALIS) CALLS INDIDUALILY DISTINCT? w.coveveveeeeeeeeeas 29
CONCLUSAO GERAL ...ttt s 47



1 INTRODUCAO

Esta dissertacdo foi dividida em 2 capitulos, sendo o primeiro de revisdo
bibliografica acerca dos principais assuntos abordados na dissertacdo: (1)
comunicacdo no meio aquatico; (2) individualidade; (3) fendmenos nao lineares
(FNL); (4) Género Eubalaena e (5) Eubalaena australis. No segundo capitulo
encontra-se o artigo produzido, intitulado “Individuality and nonlinear phenomena in
southern-right-whale (Eubalaena australis) calls”, escrito conforme as normas do

periodico a que sera submetido: Marine Mammal Science.



2 REVISAO DE LITERATURA

2.1 COMUNICACAO NO MEIO AQUATICO

O som viaja extremamente rapido no meio aquatico (PETTITT; BOURNE; BEE,
2013). Apesar disso, a comunicacdo acuUstica no meio marinho tem desafios
(PREISIG, 2006). Os sinais 6pticos, por sua vez, sdo rapidamente absorvidos no
mar e ha o espelhamento de particulas suspensas na coluna d’agua, fazendo com
gue a comunicacdo visual seja mais desfavorecida na agua e a comunicagao
acustica a principal forma de comunicacdo em ambientes aquaticos (PREISIG,
2006).

O som é o estimulo sensorial que permite uma melhor transmissédo de
informacBes de longo alcance no ambiente aquatico (ROGERS; COX, 1988). A
velocidade do som na agua é de 1.500 m/s (metros por segundo), sendo cerca de
3% maior na 4gua do mar do que na agua doce, devido a temperatura, salinidade e
profundidade, e quase 5 vezes maior do que no ar (BASS; CLARK, 2006; ROGERS;
COX, 1988; DING; LIU, 2021). Porém, a despeito da velocidade, na agua do mar, o
som pode passar por transformacdes que alteram suas caracteristicas, tais como a
absorcao, reflexdo, refracdo e espalhamento (ROGERS; COX, 1988; LARSEN;
RADFORD, 2018):

e Absorcédo: ha transformacao de energia acustica em outro tipo de energia
(BASS; CLARK, 2006). Embora seja baixa na agua (ROGERS; COX,
1988), ela altera o espectro de frequéncia da propagacédo do som, sendo
diretamente proporcional a distancia da propagacdo (LARSEN;
RADFORD, 2018).

e Reflexdo: a onda sonora atinge determinada superficie e volta a se
propagar no meio onde foi originada, mantendo a velocidade, frequéncia e
comprimento de onda iguais aos da onda incidente (DA SILVA; SANTOS,
2018). Logo, acontece quando a onda sonora encontra uma resisténcia ao
seu fluxo (BASS; CLARK, 2006), podendo ser o fundo do mar, a superficie
ou ambos. A reflexdo pode alterar algumas propriedades do som, podendo
dar falsas informacdes sobre a localizacdo da fonte sonora do sinal
(ROGERS; COX, 1988).

e Refracdo: a onda muda de um meio de propagacdo para outro e a
velocidade de propagacédo da onda é alterada, pois a mudanca de meio
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gera mudanca no comprimento de onda (BASS; CLARK, 2003; DA SILVA,;
SANTOS, 2018). Quando o som é transmitido entre a interface de dois
meios com diferentes velocidades ou devido a presenca de um gradiente
de velocidade do som, o gradiente de velocidade do som dobra o som na
direcdo da velocidade mais baixa, assim, o som viaja ao longo de uma
trajetoria curva, em vez de uma linha reta (ROGERS; COX, 1988).

e Espalhamento: é a reducao na intensidade da propagacdo de uma onda
sonora em um campo livre sem limites, onde o ambiente € homogéneo e a
distancia na qual o som esta se espalhando é grande em compara¢cdo com
a fonte (BASS; CLARK, 2006).

Além dessas transformacfes, podem-se encontrar outras influéncias negativas
na propagacao e recepcao dos sinais acusticos no ambiente aquético, como o efeito
de ruidos e profundidade da agua. Os ruidos interferem na maneira como o sinal
acustico chega ao receptor, alterando-o e fazendo com que o sinal seja dificil ou
impossivel de ser compreendido pelo receptor (LARSEN; RADFORD, 2018). Eles
podem ser causados por fontes bidticas, abidticas ou antropogénicas (LARSEN;
RADFORD, 2018), como, por exemplo, sons da chuva, bolhas, ondas, vento e
ruidos de navios (PREISIG, 2006).

Em relacdo a profundidade da agua, a superficie e o fundo servem como
limitantes reflexivos que interagem com a onda sonora. Em &guas rasas, a
transmissdo de som ¢é altamente influenciada pelas condicbes locais de
profundidade, rugosidade da superficie (vento-dependente) e composicdo do
substrato de fundo (BASS; CLARK, 2003; LARSEN; RADFORD, 2018). Ja em aguas
profundas, h& perda por espalhamento e a maior parte da energia sonora se
propaga em canais de som profundo. Nesses canais, 0 som nao passa por reflexao,
mas sim por refragcdo que combinada com baixos niveis de absorcdo faz com que o
som tenha baixa perda de transmissdo e atinja longas distancias (BASS; CLARK,
2006).

2.2 INDIVIDUALIDADE

Segundo Aubin e colaboradores (2007), a individualidade se caracteriza
quando o individuo de uma espécie emite sinais acusticos com caracteristicas
Unicas, que permitem ao receptor distinguir os seus chamados uns dos outros. Para

haver o reconhecimento individual, o sinal precisa ter alta variagdo entre individuos e
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baixa variagao intra-individual (TERRY; PEAKE; McGREGOR, 2005), consisténcia
vocal dentro e entre as estacdes (CHOI; LEE; SUNG, 2019) e o receptor precisa
perceber tais variacbes. A individualidade decorre da combinacdo de fatores
genéticos, ambientais e de desenvolvimento (McGREGOR, 1993).

A habilidade de distinguir de onde e de quem vem determinado chamado
possibilita que os coespecificos possam responder de forma apropriada a
determinado contexto comportamental (PETTITT, BOURNE; BEE, 2013). Isso pode
ser visto em ocasifes na qual os individuos perdem o contato visual um com o outro
(SOUSA-LIMA; PAGLIA; DA FONSECA, 2002), quando € necessario fazer o
reconhecimento entre mae e filhote ou localizar um parceiro em zonas barulhentas
de reproducédo (AUBIN, et al., 2007). A individualidade pode ser adaptativa em
diversos contextos, por exemplo, para a selecdo sexual, para influenciar na
competicdo de machos na escolha pela fémea (McCOMB, 1991) e também para
diferenciar entre individuos residentes de uma mesma éarea (vizinhos) e invasores
(GOSLING, 1982). Desta maneira, os chamados individuais podem ajudar a lidar
com os desafios vividos pelos animais em ambientes sociais (MUMM; URRUTIA;
KNORNSCH, 2014).

O reconhecimento individual pode ajudar na escolha do comportamento a ser
dirigido a outro individuo. Isso ocorre, pois, emissfes sonoras com individualidade
permitem que o emissor mostre sua identidade quando necesséario e permite que
haja resposta do receptor de acordo com a confiabilidade do emissor (POLLARD,
2009). H& certas circunstancias nas quais o emissor reforca sua identificacéo
quando isso Ihe traz beneficio, por exemplo, em situacdes que ele precisa acusar o
uso de um territorio préprio ou atrair um parceiro sexual e expulsar competidores
com base em sua identidade (TIBBETTS; DALE, 2007; MEDVIN; STODDARD;
BEECHER, 1993; KARAVANICH; ATEMA, 1998). Em outros casos, a identificacao
individual pode ser prejudicial quando aponta trapacas condenaveis pelo grupo
social (TIBBETTS; DALE, 2007).

Os beneficios para o receptor incluem modular sua resposta comportamental
gquando reconhece o emissor, seja adquirindo comportamentos agressivos, de
cooperacao, interacdo social, cuidado parental, entre outros, de acordo com o
contexto (GOSLING, 1982; TIBBETTS; DALE, 2007; POLLARD, 2009). Um exemplo
disso € visto no contexto de defesa de territério em Wilsonia citrina, em que foi

observado que as aves ignoravam o0s chamados de playback de vizinhos
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conhecidos, porém respondem agressivamente a vocalizagbes de individuos
desconhecidos (GODARD, 1991), ou seja, a espécie modulou seu comportamento
de acordo com a identidade do emissor.

A individualidade é amplamente estudada em chamados de contato, que sdo
vocalizagbes que servem para aproximar individuos. Estdo presentes em diversas
espécies, independente das estruturas sociais, podendo fornecer diversas
informacdes, inclusive sobre o emissor (KONDO, 2009). O chamado de contato pode
ter papel na coesédo de individuos em grupos, reconhecimento de parceiros sexuais
(KONDO, 2009), encontro de parceiro em locais barulhentos (AUBIN, et al., 2007) e
coordenacdo de movimentos em grupos (MARLER, 2004), além de ser util em
situacdes, as quais, necessita-se manter contato com um coespecifico (SOUSA-
LIMA; PAGLIA; DA FONSECA, 2002). A individualidade em chamados de contato ja
foi vista em aves terrestres (WANKER; FISCHER, 2001), aves marinhas (pinguins)
(FAVARO, et al., 2016), lémures (MACEDONIA, 1986), primatas (JORDAN, et al.,
2004; KODA; SHIMOOKA; SUGIURA, 2008), lobos marinhos (PHILLIPS; STIRLING,
2000), cetaceos (McCORDIC, et al., 2015) e outros.

Embora seja comum a utilizacdo de chamados de contato para a andlise de
individualidade, h& outros tipos de vocalizacbes que podem ser investigadas. Por
exemplo, estudos ja encontraram individualidade em chamados de alarme. S&o as
vocalizacbes utilizadas em situacbes de ameaca potencial, possivelmente para
alertar sobre sua presenga (MATROSOVA; VOLODIN; VOLODINA, et al., 2009) ou
comunicar o tipo de predador e determinar a estratégia comportamental a ser
utilizada (SEYFARTH; CHENEY; MARLER,1980). Para os individuos receptores de
chamados de alarme é importante reconhecer o emissor a fim de distinguir entre
chamados confiaveis e ndo confiaveis em situacdes de alerta, de acordo com a
confiabilidade do emissor (MATROSOVA; VOLODIN; VOLODINA, 2009) fazendo
com que o receptor ndo perca energia atendendo a um chamado falso (POLLARD;
2009).

Pesquisas de individualidade em chamados de alarme ja foram feitas em
roedores (McCOWAN; HOPPER, 2002), esquilos (MATROSOVA; VOLODIN;
VOLODINA, 2009), caes-da-pradaria (SLOBODCHIKOFF, et al., 1991), marmotas
(NIKOLSKII; SUCHANOVA, 1994) e primatas (PATEL; OWREN, 2012). Em relacao
aos mamiferos marinhos, a individualidade ja foi reportada em pinipedes e cetaceos
(McCORDIC, et al., 2016) como golfinho-nariz-de-garrafa (SAYIGH, et al., 2007),
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baleia-jubarte (HAFNER, et al., 1979), orca (NOUSEK, et al., 2006; KREMERS, et
al., 2012), cachalote (ANTUNES, et al., 2011) e baleia-franca-do-norte (McCORDIC,
et al.,, 2016). O assobio de assinatura dos golfinhos-nariz-de-garrafa € bastante
conhecido por apresentar diferencas claras nos contornos de frequéncia
fundamental entre os individuos (JANIK; SAYING, 2013).

Muitos dos estudos citados apresentam resultados que indicam a presenca de
individualidade nas emissdes sonoras de espécies e param ai. Para validar a
importancia biologica da individualidade e seu valor adaptativo para os animais, é
necessario comprovar que outros individuos conseguem identificar a quem pertence
os chamados. Isso pode ser feito através de estudos com playback, a fim de
observar as respostas dos receptores e ver se ha variacdo na resposta
comportamental de acordo com a identidade do emissor (TIBBETTS; DALE, 2007).

2.3 FENOMENOS NAO LINEARES (FNL)

Fendmenos ndo lineares (FNL) podem ser detectados em espectrogramas de
vocalizacbes quando ha perturbacdo ou assincronia na vibracdo das cordas vocais
(ou outras estruturas produtoras de som). O resultado séo vocalizacdes complexas e
imprevisiveis, provindas de transicfes rapidas, abruptas e de comandos neurais
simples (FITCH; NEUBAUER; HERZEL, 2002). Durante as andlises sonograficas de
vocalizacbes animais, poucos sdo 0s pesquisadores que descrevem ou medem 0s
FNL, talvez devido a dificuldade de identificacdo e de suas causas (FITCH,;
NEUBAUER; HERZEL, 2002; MACIEL, 2016). Ao ignorar a presenca de tais
fenbmenos, pode-se perder informacdes que enriquecem o repertério acustico da
espécie, através da diversificacao e refinamento de sinais acusticos ja existentes ou
pelo estabelecimento de novos sons (WILDEN, et al., 1998).

Os FNL estdo comumente presentes em algumas categorias de chamados,
como gritos (FITCH; NEUBAUER; HERZEL, 2002), choro infantii de humanos
(ROBB; SAXMAN, 1988) e em sons de humanos adultos com distUrbios do aparelho
fonador (FITCH; NEUBAUER; HERZEL, 2002). Essas caracteristicas nas
vocalizacdes podem ter a funcdo de atrair a atencdo de outro individuo, transmitir
urgéncia no chamado, sinalizar estados de aversado (ANIKIN, PISANSKI; REBY,
2020), dar indicios da aptiddo do emissor da chamada (WILDEN, et al., 1998;
FITCH; NEUBAUER; HERZEL, 2002; RIEDE; OWREN; ARCADI, 2004), fornecer

pistas sobre determinadas circunstancias comportamentais (RIEDE; OWREN;
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ARCADI, 2004) e sobre o estado emocional do emissor (ANIKIN, PISANSKI; REBY,
2020). Os FNL também podem contribuir para a individualidade nos chamados de

determinadas espécies de mamiferos sociais, como em orcas (FILATOVA, et al.,
2012) e golfinhos-nariz-de-garrafa (PAPALE, et al., 2015).

Existem 4 tipos de FNL que podem ser vistos em espectrogramas das

vocalizacdes, sendo eles bifonagéo, salto de frequéncia, sub-harmdnicos e caos

deterministico (Figura 1):

Bifonacdo: pode ser identificada, no espectrograma, pela ocorréncia
simultdnea de duas frequéncias fundamentais independentes (por
exemplo, FO e GO) em uma mesma unidade sonora, cada uma com a sua
estrutura harmonica e contorno (BROWN, et al., 2003; VOLODINA, et al.,
2006). Sendo ondas sonoras, FO e GO podem afetar-se mutuamente
gerando no espectrograma ondas resultantes dessa interagéo. Neste caso,
no espectrograma elas sdo vistas como bandas laterais acima e abaixo
das fundamentais (RIEDE, et al., 2000). A bifonagcdo em bandas laterais
(em inglés, sidebands) ser& tratada como uma categoria de FNL a parte
nesta dissertagéo.

Salto de frequéncia: mudanca repentina da posicao de FO (frequéncia
fundamental) no espectrograma, nas quais a frequéncia “desce” ou “sobe”
de maneira abrupta e descontinua (RIEDE; OWREN; ARCADI, 2004),
oriunda da oscilacdo imprevisivel das pregas vocais ou de assincronia
entre os musculos que as controlam (BROWN, et al., 2003).
Sub-harménico: sdo componentes espectrais adicionais que aparecem
repentinamente em valores fracionados inteiros de uma frequéncia
fundamental (por exemplo, FO/2 ou F0/3) cada uma com seus harmonicos
(RIEDE; OWREN; ARCADI, 2004). Ao contrario das bandas laterais, 0s
sub-harmbnicos ndo aparecem aos pares ladeando determinada
frequéncia. Pode ocorrer quando ha mais tensdo em uma corda vocal do
gue na outra (FITCH; NEUBAUER; HERZEL, 2002; TYSON; NOWACEK;
MILLER, 2007). Também se diferenciam das bandas laterais, nas quais
ndo ha relacdo harménica e pela presenca usual de uma estrutura
harmonicamente muito “rica” e com multiplas faixas;

Caos deterministico: s&o episédios de ruidos n&o aleatérios. E um ruido

cadtico e possivel de ser distinguido de ruidos advindos de outras fontes
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sonoras (RIEDE; OWREN; ARCADI, 2004). E possivel ver energia
periédica residual, que aparece como bandas mais fracas no
espectrograma em trecho que no geral ndo possui estrutura espectral, e
permite que o caos seja distinguido de ruidos turbulentos (FITCH,;
NEUBAUER; HERZEL, 2002). Pode ser encontrado em “gritos de agonia”,
como os de macaco rhesus (GOUZOULES; GOUZOULES; MARLER,
1984) e em outros primatas ndo-humanos (WINTER, 1968).

Figura 1 - Esquema de espectrograma com o0s tipos de fendmenos nao

lineares.
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Frequéncia
—
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Fonte: Adaptado de Maciel (2016), original de Riede; Owren; Arcadi (2004).

Legenda: Salto de frequéncia (SF) para frequéncia mais alta e mais baixa; Sub-
harmonico (SH) e Harmoénicos (H); Bifonagdo (BF) com 2 frequéncias
fundamentais (FO e GO0); Bifonacdo - banda lateral (BF - BL) e frequéncia
fundamental (F0); e Caos deterministico (CD).

FNL ja foram reportados em insetos (BENKO; PERC, 2007; EDOH; HUGHES;
KATZ, 2013) e vertebrados, em todos os grandes grupos (Tabela 1): peixes (RICE;
LAND; BASS, 2011), anfibios (FENG et al., 2009; PETTITT, BOURNE; BEE, 2012),
répteis (BENKO; PERC, 2009; LABRA, et al., 2013), aves (BECKERS; CATE, 2006;
DIGBY; BELL; TEAL, 2014), mamiferos terrestres, como suricatos (TOWNSEND;
MANSER, 2010), gatos (MAGIERA; PENAR; KLOCEK, 2020), caes (VOLODINA et
al., 2006), veados (FACCHINI, et al., 2003), primatas nao-humanos (RIEDE;
OWREN; ARCADI, 2004, 2007), primatas humanos (SIRVIO; MICHELSSON, 1976;
ROBB; SAXMAN, 1988), e mamiferos aquaticos. Mais especificamente sobre estes,
FNL foram encontrados em sons de baleias-franca-do-norte (TYSON; NOWACEK;
MILLER, 2007), orcas (TYSON; NOWACEK; MILLER, 2007; BROWN, 2008;
FILATOVA, et al, 2009), golfinhos-nariz-de-garrafa (PAPALE, et al.,, 2015;
SPORTELLI; JONES; RIDGWAY, 2022), baleias-piloto-de-aleta-longa (NEMIROFF;
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WHITEHEAD, 2009), baleias-jubarte (MERCADO, et al., 2010), focas antérticas
(MACIEL, 2016) e peixes-boi (MANN; O'SHEA; NOWACEK, 2006) (Tabela 1).
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Tabela 1 — Tabela de revisdo de trabalhos feitos com Fendmenos Nao Lineares (FNL) em diferentes animais e com

contextos de emisséo e de tipos de chamados diferentes.

Animal | Classe | Especie | FNL encontrado | Contexto da emissio ou tipo de chamado
el Artropoda Neoconocephals robusius (1) CD Atividade de canto
lovertebrado Cicadoidea (2) D Sinais acisticos de machos
Vertebrado Petxe Batrachomoens frispinosus (3) CD, 5H, §F.BF Grumdos agomsticos & chamados de anincio

Anfibio Odorrana formaia (4) CD, 5H, SF,BF Chamados de antincio do macho
Anomaleglossus beebei(3) CD, 5H, §F Cantoz de corte & aprezzio do macho

Reptil Liolaems chiliensiz (6) CD, SH, §F Chamados de perigo
Crocodvius acufus (7) CD Canto de acazalasnto

Ave Strepropelia (3) CD, 5H, 5F, BF Wio ezpecificado
Apteryy owenii (%) CD,5H,BF Cantos em contextos territoriaiz

Mamafero terrestre  Swricaia suricaria (100 SH Chamados de alarme
Felis catis e Felis sifvesiris eatus (11) CD, 5H, SF,BF Chamados para alimentagdo & ds izolamento
Cuon alpimis (12) EF Wio ezpecificado
Cervais elaphus corsicanus (13) CD Chamados de machos
Pan iroglodytes (14 13) CD, 5H, §F.BF Chamados de climax
Homo sapiens (16217 CD, 5H, 5F, BF Vocalizagtes de criangas com choro (16) 2 zem (17)

Mamifero marinho  Enbalaena glacializ (18) CD, 5H, 8F.BF Nio ezpecificado
Oreimis orea (18, 192 20) CD, SH, 8F.BF Nio ezpectficado (18) / Chamados pulzados (19)/ chamados mono & bifonicos (20)
Tursiops frimeatus (21) EF Aszsobios
Globicephala melas (22 EF Chamados pulzados
Megapiera novasangliae (23) SF Nio ezpectficado
Tribo Lobodontini (24) CD, 5H, 5F. BF Chamados tipo A, CE F. K LM N=O
Trichechs (23) CD_ SH. SF_BF Wio ezpecificado

Fonte: Elaborada pela autora (2022).
Legenda: CD- Caos Deterministico; SH - Subharménicos; SF - Saltos de Frequéncia; BF - Bifonacao.

Referéncias utilizadas na tabela: (1) BENKO; PERC, 2007; (2) EDOH; HUGHES; KATZ, 2013; (3) RICE; LAND; BASS, 2011; (4) FENG, et al., 2009; (5)
PETTITT, BOURNE; BEE, 2012; (6) LABRA, et al., 2013; (7) BENKO; PERC, 2009; (8) BECKERS; CATE, 2006; (9)
DIGBY.; BELL; TEAL, 2014; (10) TOWNSEND; MANSER, 2010; (11) MAGIERA; PENAR; KLOCEK, 2020; (12)
VOLODINA et al., 2006; (13) FACCHINI et al., 2003; (14 e 15) RIEDE; OWREN; ARCADI, 2004, 2007; (16 e 17) SIRVIO;
MICHELSSON, 1976; ROBB; SAXMAN, 1988; (18)TYSON; NOWACEK; MILLER, 2007; (19) BROWN, 2008;
(20)FILATOVA et al., 2009; (21) PAPALE, et al., 2015; (22) NEMIROFF; WHITEHEAD, 2009; (23) MERCADO et al., 2010;
(24) MACIEL, 2016; (25) MANN; O’'SHEA; NOWACEK, 2006.
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2.4 GENERO EUBALAENA

A baleia-franca-austral, objeto deste estudo, pertence ao género Eubalaena e
a familia Balaenidae, a qual compreende 3 espécies viventes isoladas
geograficamente (KENNEY, 2009): Eubalaena australis (DESMOULINS, 1822), a
baleia-franca-austral ou baleia-franca-do-sul, é a espécie do género que possui a
maior distribuicdo no planeta, sendo encontrada em todo o Hemisfério Sul (RICE,
1998); Eubalaena glacialis (MULLER, 1776), conhecida como baleia-franca-do-norte,
€ encontrada somente no Atlantico Norte Ocidental; e a Eubalaena japonica
(LACEPEDE, 1818), conhecida como baleia-franca-do-pacifico, esta restrita ao
Pacifico Norte em dois pequenos estoques populacionais, um no Pacifico Oeste e
outro no Leste (ROSENBAUM, et al., 2000).

Este género pode ser diferenciado dos outros cetaceos misticetos pelas
seguintes caracteristicas morfolégicas: nadadeiras diferenciadas, principalmente as
peitorais trapezoidais, dois orificios respiratérios bastante separados entre si e
calosidades na cabeca (PAYNE, et al., 1983). As nadadeiras das baleias-franca séo
bastante caracteristicas: as duas nadadeiras peitorais sado curtas e largas e em
formato tipico de trapézio, enquanto as nadadeiras das outras baleias sao longas e
triangulares, e a baleia-franca tem a nadadeira caudal larga, pontuda e lisa e a
nadadeira dorsal estd ausente (CUMMINGS, 1985).

Outra caracteristica exclusiva do género Eubalaena é a presenca de
calosidades na cabeca, boca e orificios respiratorios (PAYNE, et al., 1983). Essas
calosidades originam-se de um espacamento na epiderme e abrigam colonias de
anfipodos piolhos-de-baleia (Cyamidae: Cyamus spp.) cuja presenca da a cor
branca e amarela as calosidades (ROWNTREE, 1996). As calosidades possuem
padrées de disposicdo unicos em cada individuo (PAYNE, et al., 1983) e servem
como as impressdes digitais humanas. Isso é Util para as pesquisas de
fotoidentificacdo, pois auxilia na distincdo de cada baleia dentro dos grupos
(GROCH, 2005). Esse tipo de pesquisa é necessario devido ao status de
conservacgao das baleias deste género que estdo ameacadas de extingdo em menor
ou maior grau, dependendo da espécie.

As trés espécies de Eubalaena apresentam o mesmo historico de terem sido
extensivamente cagcadas durante décadas nos mares onde habitavam, até quase a

completa extingdo (KENNEY, 2009). As espécies do género eram muito visadas para
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a caca por seu comportamento costeiro, calmo e curioso, o que facilitava a logistica
do ato (KENNEY, 2009). Além disso, a baleia € uma fonte rica em 6leo, o qual era
usada na construcao civil, matéria-prima da argamassa e iluminacao publica, e suas
barbatanas eram usadas na fabricacdo de adornos, como cintos e espartilhos
(MEDEIROS, 2007). Adicionalmente, a carne servia como alimento para escravos
(JUNIOR, 2015).

Na década de 1930, todas as espécies de baleia-franca se tornaram
protegidas da caca comercial pela primeira Convencdo Internacional de
Regulamentacdo da Caca de Baleias (KENNEY, 2009). Porém, tém-se registros de
caca ilegal apds esse periodo, inclusive na costa do Brasil, at¢é meados dos anos
1950 (TORMOSOQV, et al., 1998; KENNEY, 2009).

2.5 EUBALAENA AUSTRALIS

Eubalaena australis (DESMOULINS, 1822) é a espécie mais tropical dentre
as trés, possuindo diferentes populacdes ao longo do Hemisfério Sul. Elas podem
apresentar pequenas diferenciacdes de morfologia (KRAUS, et al., 1986) e grande
variabilidade genética, identificadas a partir de estudos e andlises de DNAmM
(SCHAEFF, et al., 1991). E a mais cosmopolita entre as trés e ocorre em todo o
hemisfério Sul, entre a Australia, Nova Zelandia, América do Sul, Continente Africano
e na maioria das ilhas entre as latitudes de 30 e 60° S (BELGRANO, et al., 2008). A
espécie migra sazonalmente entre as areas de alimentacéo, de alta latitude, até as
areas de bercario, em latitude mais baixa (BEST, 2000; RENAULT-BRAGA, et al.,
2018). No verdo, a espécie permanece concentrada nas areas mais proximas dos
polos para se alimentar e ganhar energia para migrar para as areas de reproducao
no inverno, procurando aguas mais quentes a fim de acasalar e procriar (RENAULT-
BRAGA, 2014).

A espécie ndo costuma ser vista em grandes grupos sociais nas areas de
alimentacdo e reproducdo (PAYNE, 1986; PATENAUDE; BAKER, 2001). E mais
comum encontrar animais solitarios ou em grupos de 2 individuos, sendo que podem
haver varias duplas espalhadas em pequenos territérios (PATENAUDE; BAKER,
2001). Quando em grupos, podem ser compostos por pares de mae-filhote ou
individuos adultos e animais solitarios (PAYNE, 1986). E relatada a interacéo entre
grupos de baleias-franca, principalmente em areas de reproducgdo, porém, raramente

séo vistas interagdes sociais entre pares de mae-filhote (PAYNE, 1986).
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Especificamente no Brasil a espécie ocorre de julho a novembro, com pico de
avistamentos no més de setembro (GROCH, 2005; RENAULT-BRAGA, 2014). O
pais esta localizado em latitude mediana a baixa e € uma importante area de
procriacdo. Estudos mostram que as baleias-franca que frequentam o Brasil também
podem frequentar a Argentina, possibilitando comparacdo entre os catalogos de
fotoidentificacdo para compreender a distribuicdo da espécie (RENAULT-BRAGA et
al., 2018) e também auxiliar a conservacgao.

Atualmente, a Unido Internacional para Conservacdo da Natureza e dos
Recursos Naturais (IUCN) classifica E. australis como uma espécie ameacada de
menor preocupacdo (IUCN, 2022). E a espécie do género que mostrou a melhor taxa
de recuperacdo ao periodo de extensas cacas e continua com a distribuicdo ao
longo de todo o Hemisfério Sul (GROCH, 2005).

Em relacdo ao repertério acustico da baleia-franca-austral que migra até o
Brasil, h4 9 tipos de chamados descritos até o momento, sendo eles: upcall,
downcall, down-upcall, tonal variavel, tonal constante, pulsado, hibrido (CLARK,
1982; DOMBROSKI, et al., 2016) pulso Unico e pulso duplo (DOMBROSKI; PARKS;
FLORES, 2020) (Figura 2). O upcall € uma emissdo sonora tonal, de baixa
amplitude, cuja intensidade aumenta progressivamente conforme o som termina
(CLARK, 1982). O downcall também é tonal e de baixa amplitude, e, ao contrario do
upcall, a intensidade do chamado diminui conforme termina (CLARK, 1982). O
chamado de down-upcall é tonal e tem o formato da onda em formato de “Vv”
(DOMBROSK]I, et al., 2016). O chamado tonal variavel € um som tonal com contorno
e formato varidvel e modulacdo de frequéncia (DOMBROSKI, et al.,, 2016). O
chamado tonal constante, ao contrario do anterior, possui pouca modulacdo de
frequéncia (DOMBROSKI, et al., 2016). Os chamados pulsados s&o sons
inteiramente pulsados de misturas complexas com modulagcdo de amplitude de
ruidos (CLARK, 1982). O chamado hibrido consiste em emissdes sonoras contendo
componentes pulsados e tonais na mesma vocalizacdo (CLARK, 1982,
DOMBROSKI, et al., 2016). E pulso unico e duplo sédo emissbes sonoras de baixa
amplitude, que aparentemente podem ser utilizados para comunicagdo de curta
distancia entre mae-filhote e comunicacéo criptica (DOMBROSKI; PARKS; FLORES,
2020), sendo esta ultima um tipo de comunicacdo que diminui a detectabilidade dos
chamados pelos predadores devido as suas caracteristicas acusticas (NIELSEN, et

al., 2019) de emissfes sonoras de baixa amplitude ou ocultacdo acustica através da
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producao de sinais reduzidos (PARKS, et al., 2019).

Figura 2 - Espectrogramas dos tipos de vocalizacdo de E. australis gravadas de

animais no Brasil.
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Fonte: Figuras originais de Dombroski, et al., 2016 e Dombroski; Parks; Flores, 2020.

Legenda: (a) upcall; (b) downcall; (c) down-upcall; (d) tonal variavel; (e) tonal constante; (f)
pulsado; (g) hibrido; (h) pulso Unico e pulso duplo indicado pelas setas
vermelhas. Espectrogramas de a, b, c, d, e, h calculados com janela 1024 pontos
na janela de Hamming e de f e g calculados com 512 pontos na janela de
Hamming.
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3 ARE SOUTHERN-RIGHT-WHALES (EUBALAENA AUSTRALIS) CALLS
INDIVIDUALILY DISTINCT?
ABSTRACT

Several animal sounds are individually distinct. Such individuality may be potentially
adaptive in their usual contexts of emission. In this work we investigated the
occurrence of individuality in calls of Eubalaena australis, as well as the occurrence
of Nonlinear Phenomena (NLP) and its possible relation to individuality. We analyzed
calls from 5 individuals recorded at Imbituba - SC, Brazil, in 2018 and 2019 (4
lactating females and 1 juvenile). We measured 14 acoustic variables in 3 call types
(single pulse, double pulse and hybrid) and reduced them to 5 dimensions with
Principal Component Analysis (PCA). These dimensions were used in a Linear
Discriminant Analysis (LDA) to test for individuality. The redistribution test of the
models had a mean hit rate of 91.34% in correctly attributing the calls to their
emitters, thus corroborating the existence of individuality in the calls. Future studies
are needed to test if the receivers also individually identify the emitters. It was not
possible to include the NLP in the LDA, but we found all types of NLP in the
individuals, with the juvenile being the animal that emitted more calls with NLP,
suggesting that their presence may be related to the maturation of the vocal
apparatus.

Key-words: Individuality; Nonlinear Phenomena; Eubalaena australis.

1| INTRODUCTION

Acoustic communication is the main form of communication in marine
mammals (Preisig, 2006), due to the limited transmission of light underwater and the
low levels of attenuation and higher speed of sound in the water when compared to
the terrestrial environment (Bass & Clark, 2003). However, communication only
occurs effectively when there is detection and recognition of the acoustic event (Bass
& Clark, 2003).

The different acoustic emissions of animals may show variation between
individuals of a given species that, when allowing for individual recognition, may favor
the intra-specific social relations in the contexts they are emitted (Aubin et al., 2007).
Individuality takes place when the signal has high among-individual variability and
low intra-individual variability (Terry et al., 2005), and vocal consistency within and

among seasons (Choi et al. 2019). Such characteristics may show adaptive value
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both for emitters and receivers (Tibbetts & Dale, 2007). The emitter, for example, may
make its identity known in contexts which may bring benefits to him (Pollard, 2009),
such as territory defense, partner choice and alert and contact situations. And the
receiver can benefit from recognizing the emitter through individuality, because such
recognition can give reliability to the call depending on who the emitter is, so the
receiver can modulate his behavioral response according to the reliability and the
type of information transmitted by him (Gosling, 1982; Tibbetts & Dale, 2007; Pollard,
2009).

Studies have shown that several cetaceans have individuality in their calls
(Hafner et al., 1979; Nousek et al., 2006; Sayigh et al., 2007; Antunes et al., 2011;
Kremers et al., 2012; McCordic et al., 2016). In North Atlantic right whates,
Eubalaena glacialis, the long distance contact calls (upcall) of different individuals
show sufficient variatin among individuals to distinguish them by their calls (McCordic
et al., 2016).

Besides the usual acoustic (temporal and spectral) traits measured in
individuality studies, nonlinear phenomena (NLP) are frequently pointed out in the
literature as a source of variation, including at the individual level (Papale et al.,
2015). The NLP occurs in sound emissions as a result of perturbations in the typical
rhythmic pattern of vibration of the sound producing organ, thus generating complex
emissions (Fitch et al., 2002). Besides indicating individuality, the NLP may also
transmit information on urgency or be related to the emotional state of the caller
(Anikin et al., 2020).

Studies have already been published showing that E. glacialis calls both show
individuality (McCordic et al., 2016) and contain NLP (Tyson et al., 2007; Root-
Gutteridge et al., 2018). According to Tyson et al. (2007), the species show
biphonation, side bands, frequency jumps, subharmonics and deterministic chaos.
However, the lack of studies of both individuality and NLP in the two other species of
the genus - E. australis and E. japonica - does not allow comparisons to be made in
the genus as a whole. Thus, the objective of this work was to verify if individuality is
encoded in the calls of E. australis, if their emissions show NLP and if these NLPs

have any relation to individuality.
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2 | METHODS
2.1 | Study site and recording procedures

We used recordings from 5 southern-right-whales, including 4 adult lactating
females and 1 juvenile (sex-unknown). Recordings were carried out in July and
August, in 2018 and 2019, in two different bays in Imbituba - SC, Brazil, location from
the same single population of E. australis (2018 - Ribanceira Bay/Ibiraquera, 28° 11’
26.0952” S/48° 39’ 42.318” O, 2019 Itapiruba Norte Beach, 28° 19’ 48.3” S/48° 42’
30.8” 0).

The whales had been individually identified through photo ID before the
attachment of digital acoustic tags (DTAGs) model 13, versions 3 and 4 (DTAG-3 and
4), with suction cups (Johnson & Tyack, 2003) (Figure 1). These tags were equipped
with a 3-axis accelerometer, a magnetometer, pressure and temperature Sensors,
and a hydrophone (Johnson & Tyack, 2003).

— B —

FIGURE 1: Suction cup DTAG attached to a carbon fiber pole, used to carry out the tagging of the

southern right whales sampled in this study. Credits: Field team 2018.

Before tagging the whales, observers conducted behavioral observation of the
animals within an area of 300m of radius for at least 10 minutes. The reproductive
status of the animals was determined visually: lactating females were classified as
such when seen with a significantly smaller animal (' of the full length of the adult),
presumably her calf. Such classification can be made with confidence, since there is
no paternal care in this species (Parks et al., 2007). An animal is classified as
juvenile when seen alone and with a body size larger than Vs of the length of an adult,
but smaller than an adult (Sironi, 2004).

During the time that the DTAG was attached to the whale, the equipment
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recorded sounds continously, with a sampling rate of 120 kHz in 2018 and 64 kHz in
2019. When the suction cups detached from the animals, it was necessary to recover
it, using the VHF signal emitted by the DTAG from an antenna projected to remain
above the water level to relocate the tag (Johnson & Tyack, 2003, methodology as in
Dombroski et al., 2020).

The recordings of the 5 individuals totaled 22:46 h, from which 452 calls were
retrieved from visual inspection of the spectrograms (Table 1). A 400 Hz monopolar
Butterworth high-pass filter was used in all the recordings to reduce noise related to
flow noise on the tag (Dombroski et al. 2020). The identification for each individual
was made by adding “ea” for Eubalaena australis, the year of the recording “18 for
2018 or 19 for 2019”, the Julian day “202, 220 or 228” and a letter to indicate difent

individuals recorded on the same Julian day “a or b”.

TABLE 1 - Descriptive data of the recordings of each tagged individual.

Id. Place Reproductive state Duration Total of
calls
eal8 202a  Ribanceira - SC Lactating female 0 h 59 min 13
eal8 202b Ribanceira - SC Lactating female 6 h 27 min 48
eal8 228a Ribanceira - SC Juvenile (unknown sex) 8 h 18 min 333
eal9 220a Itapirub4 - SC Lactating female 0 h 16 min 4
eal9 220b Itapiruba - SC Lactating female 6 h 46 min 54

2.2 | Data analysis

We made the analyses of the recordings in the software Raven Pro 1.6
(Cornell Laboratory of Ornithology) from spectrograms produced with a Hann
window, with 512 point FFT for the measurements of temporal parameters and 1024
point FFT for frequency, both with 50% window overlap.

Then, we first classified the calls according to their visual and acoustic
features according to the following categories, according to Clark (1982), Dombroski
et al. (2016) and Dombroski et al. (2020): upcall, downcall, down-upcall, tonal
constant, tonal variable, hybrid, pulsive, single pulse and double pulse. For the
juvenile recordings, we selected for further analysis only the most intense calls, since

it spent some time with at least one other individual. Thus, when we found more than
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one animal calling in the recording, we assigned the stronger call (the one with more
intense color in the spectrogram) to the focal animal and the less intense one to the
non-focal. When two or more calls were superimposed we excluded them from the
analysis.

Next, we selected for the individuality analyses only the clearer calls, retaining
only those calls with a signal to noise ratio (SNR) = 6 dB as in Dombroski et al.
(2020). Then, for each remaining call we measured 14 acoustic variables (Table 2).
We also visually inspected the spectrograms for the presence of NLP, classifying the
occurrences in the following categories, according to a similar study conducted with
the northern right whale E. glacialis (Tyson et al., 2007): frequency jump,

subharmonic, biphonation, side bands and deterministic chaos.

2.3 | Statistical analysis

To reduce the number of variables and avoid correlation issues between them,
we first conducted a principal component analysis (PCA) with all 14 variables (Table
2) for each call type with the “FactoMineR" package (Lé et al., 2008) in R 4.1.3 (R
Core team, 2022). We then employed the first five dimensions of the PCA to carry out
a Linear Discriminant Analysis (LDA) with the “MASS” package (Venables & Ripley,
2002) in R 4.1.3 (R Core team, 2022). The whole data set was used for both training

and test of the models, with the resubstitution test.
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TABLE 2: Variables measured for each call [definitions as in the Raven Pro 1.6 User
Manual (Charif et al., 2010)].

Variables

Definition

Low frequency
High frequency
Delta time

Delta frequency

Center frequency

Duration 90%
Bandwidth 90%

Maximum
frequency

Maximum time

Maximum entropy

Peak power
density

Peak time

Peak time relative

Average power
density

The lower frequency bound of the selection (Hz)

The upper frequency bound of the selection (Hz)

The difference between Begin Time and End Time for the selection (seconds)
The difference between the upper and lower frequency limits of the selection (Hz)

The frequency that divides the selection into two frequency intervals of equal
energy (Hz)

The difference between the 5% and 95% times (seconds)

The difference between the 5% and 95% frequencies (Hz)

The frequency at which Max Power/ Peak Power occurs within the selection (Hz)

The first time in the selection at which a spectrogram point with power equal to
Max Power/ Peak Power occurs (seconds)

The maximum entropy calculated for a spectrogram slice within the selection
bounds (bits)

The maximum power in the selection (dB)

The first time in the selection at which a sample with amplitude equal to Peak
Amplitude occurs (seconds)

The first time in a selection at which a spectrogram bin with power density equal
to Peak Power occurs

Values of the spectrogram’s power spectral density are summed, and the result is
then divided by the number of time-frequency bins in the selection (dB)

Thus, we conducted both a PCA and a LDA for each call category with

recordings from more than one individual. For each LDA we obtained linear

discriminant function equations, which allow classifying each call according to its

most probable emitter, based on their acoustic parameters (as reduced in the 5 PCA

dimensions). Then we can calculate the percentage of success of the models a

posteriori (assignment of the call to the correct animal) and compare it with the a

priori percentage of success (probability of assigning the call to the correct animal by

chance).
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3| RESULTS

The most frequent call type overall was the upcall, for the lactating females the
single pulse was the most frequent and the only call identified in all individuals was
the single pulse (Table 3). The lactating females produced fewer call types when
compared to the juvenile tag recording (eal8 228a), which contained almost all call
types described in the literature. Calling rate was also lower in the lactating females

than in the juvenile, and the most commonly produced call type was single and
double pulse calls.

TABLE 3 - Classification of the call types of each individual.

5 — T — o 1S o )
Id 22 3 S ST 8% sB&E =z 98 =9 =
Ew o 2 s o ©02 = £33 33 =
Q © D 8 os F S = S a me Ao T
eal8 202a 13 0 1 0 0 2 0 10
eal8 202b 48 0 0 0 0 35 12 0
eal8 228a 333 165 14 3 0 40 56 12 0 43
eal9 220a 4 0 0 0 0 0 4 0
eal9 220b 54 0 0 0 0 40 11

After applying the criteria of SNR = 6 dB for the 452 calls, we retained only 225
for further analysis. Individual eal9_220a did not have any remaining calls.

Out of the 225 calls, 123 showed some kind of NLP (54.66%). We found 160
NLP in total, most of the times alone and, on occasion, more than one in the same
calls. We found biphonation in 41.26% of the calls, side bands in 35.62%,
deterministic chaos in 14.62%, subharmonics in 8.12% and only one occurrence of
frequency jump, 0.62% of the calls. Recordings from the individual eal8 228a, the
juvenile, showed the larger amount of NLP in different call types (Figure 2, Table 4).
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FIGURE 2: Examples of NLP found in the calls of the individual eal8 228a (arrows). Spectrogram
produced in the software Raven Pro 1.6 with a 1024 points Hann window, 50% window overlap. A) BP
- Biphonation, B) SD - Side Band, C) DC - Deterministic Chaos; D) SH — Subharmonic and E) FJ -

Frequency Jump.

TABLE 4: NLP occurrence according to the emitter and call type.

Id. Calls —=SNR 26 N°of calls Call type NLP found

eal8_202a 8 6 Hybrid SB; BP

1 Downcall SB

1 Single pulse Not found
eal8_202b 37 28 Single pulse Not found

9 Double pulse Not found
eal8_228a 145 79 Upcall SB; BP. SH; DC; FJ

6 Downcall SB; BP; DC

3 Down-upcall SB

19 Tonal constant SB; BP; SH; DC

2 Single pulse Not found

20 Pulsive SB; BP; DC

16 Hybrid SB; BP; SH; DC
eal9 220a 0 0 Not found Not found
eal9 220b 35 27 Single pulse Not found

6 Double pulse Not found

2 Total constant SB

Legend: BP - Biphonation, SD - Side Band, DC - Deterministic Chaos; SH — Subharmonic and FJ -

Frequency Jump.
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We also found more than one NLP in the same call. The most common
association was between side bands and biphonation, occurring in 15% of the calls
with NLP. We found a maximum of 3 NLP in the same call (biphonation, deterministic
chaos and side bands). Production of NLP was also highly variable among the

individuals (Figure 3).
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6 40 37 a5 - 33
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FIGURE 3: NLP in the 4 sampled individuals.

Since the NLP were detected in different call types among the different
individuals [except for the hybrid calls which showed NLP in two animals (eal8 202a
and eal8 228a)], we did not use them in the individuality analyses.

Given that only some call types were produced by more than one individual,
we could carry out the PCA analyses for 3 call types only: single pulse (3 individuals);
double pulse (2 individuals) and hybrid calls (2 individuals). The 14 variables
employed in the PCA were reduced to 5 dimensions, which explain more than 75% of
the data (Table 5):
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TABLE 5: Percentage of the data that is explained by each PCA dimension (dim.),
according to call type and the final percentage explained by the set of the 5

dimensions.
Call Id. Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 elﬁﬁi'n?d
Single pulse eal8_202b  27,58% 19,26% 13,63% 10,75%  7,92% 79,16%
eal8 228a
eal9 220b
Double pulse eal8_202b 37%  22,62% 16,16% 12,02% 5,07% 93,00%
eal9 220a
Hybrid eal8 202a 33,67% 28,75% 16,01% 7,08%  5,26% 90,77%
eal8 228a

The LDA models computed from these 5 PCA dimensions had a high a
posteriori percentage of success when assigning the call to its emitter (Table 6), with

an average success rate of 91,34%, much higher than the success rate by chance.

TABLE 6: Results of the LDA for each call type. % a priori classification: percentage
of correctly classifying the call by chance alone; % model correct classification: a
posteriori percentage of success when assigning the call to its emitter when using the
LDA models.

call d. % p_riori_ % mod_e! correct
classification classification

Single pulse eal8 202b 49,12% 80,70%
eal8_2282 3,50%
eal9 220b 47,36%

Double pulse eal8 202b 60% 93,33%
eal9 2202 40%

Hybrid eal8 2022 27,27 100,00%

eal8_ 2282 72,72%
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4 | DISCUSSION

Our study showed that the statistical models were effective in detecting
individuality in some E. australis calls, based on their acoustic parameters. Correct
classification rates were above 80%, reaching 100% for the hybrid calls. Thus, the
linear discriminant analysis (LDA) revealed the presence of individuality in the three
call types that we analyzed: single pulse, double pulse and hybrid. Calls showing
individuality have already been found in several taxa, including birds, terrestrial and
aguatic mammals (Macedonia, 1986; Koda et al., 2008; McCordic et al., 2015;
Favaro et al., 2016). Within the study genus, McCordic et al. (2015) have found
individuality in the upcall of Eubalaena glacialis, a vocalization used for the
maintenance of long-range contact (Clark, 1982). In our study, we were not able to
test for individuality in this call type, since only the juvenile produced the call.

Hybrid calls, the type with the highest correct classification rate (100%), are
known for their complexity and for showing both tonal and pulsed elements at the
same time (Clark, 1982). The high complexity of this call may favor the occurrence of
unique parameter values in the emissions of E. australis, possibly helping in the
occurrence of individuality. In the analysis of the single pulse, the only three calls
from the juvenile were not correctly assigned to it by the model, which may be due to
this very low number of samples in our database.

Turning to functional issues, three different, non mutually exclusive, functional
hypotheses/contexts of occurrence were proposed in the literature for single and
double pulses: by-product of nursing, mother-calf communication and acoustic
crypsis. The first of them proposes that these calls are by-products of the nursing
context (Parks et al., 2019a), being, in fact, the sound produced by milk suction from
the calf (Israel de S& Maciel, pers. comm.). Our data do not support this idea, since
the call was also recorded from the juvenile, which is neither lactating nor feeding on
milk, and with no individual nearby that could be nursing.

The second hypothesis proposes that these calls are employed in mother-calf
communication, since the call has been detected in females of Eubalaena glacialis
with infants (Parks et al., 2019a), although they did not propose a specific function for
them. The presence of individuality would be in accordance with this suggestion,
since it would be adaptive for both parties to respond only to the appropriate partner
(Balcombe & McCracken, 1992). Notwithstanding, the mere presence of individuality

is not enough for it to be adaptive, since it is necessary to prove that other animals
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are capable of recognizing the emitter. For example, Fischer (2004) showed that
Barbary macaque (Macaca sylvanus) infants answer significantly more strongly to
playbacks of their mother calls when compared to other females calls. A similar
pattern was observed in cattle (Bos taurus), where cows answered faster to calls of
their own calves than from other infants (Torre et al., 2016).

The third explanation suggests that mother-infant pairs produce low amplitude
and short duration sounds to avoid being detected by another individual or predators
(Parks et al., 2019b; Nielsen et al., 2019). Acoustic crypsis was also suggested for
calls of E. glacialis (Parks et al., 2019b), E. australis in Australia (Nielsen et al., 2019)
and Megaptera novaeangliae (Videsen et al., 2017), but our data does not allow this
hypothesis to be tested.

If single and double pulses are employed in mother-calf communication (Parks
et al., 2019a), and they do show individuality, as we have found, we hypothesize that
these calls have the biological function of contact maintenance between the pair.
Since it is important to for the mother to recognize its own calf, and vice-versa
(Balcombe & McCracken, 1992), it would be beneficial for both parties to maintain
contact through an individually distinctive call at short range. Saloma (2018) recorded
a low amplitude and short duration call (as the single and double pulses of E.
australis and E. glacialis) in the vocal repertoire of female humpback whales
Megaptera novaeangliae. The author proposed that those calls could be used to
maintain social contact and reinforce the mother-infant bond, and we extend this
suggestion to the single and double pulses of right whales.

Individually distinctive contact calls may help in the mutual recognition of
mother-infant pairs, reproductive partners, known neighbors vs. invaders (Galeotti &
Pavan, 1991; Medvin et al., 1993; Karavanich & Atema, 1998; Fischer, 2004; Tibbetts
& Dale, 2007). The presence of individuality in contact calls has adaptive value both
for the emitter and the receiver of the call (Tibbetts & Dale, 2007), for example by
finding the partner amidst a crowd, coordinating the approach of the correct partner,
not wasting energy chasing a known neighbor, avoiding misdirecting parental
investment towards an unrelated infant, among others.

Contact calls showing individuality have already been reported in several
taxonomic groups. for example, pygmy marmosets (Cebuella pygmaea) use
individual contact calls in situations where group members lose visual contact during

movement (Snowdon & Cleveland, 1980), while Barbary macaque infants are able to
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identify their mothers through contact calls (Fischer, 2004). The common dwarf
mongoose (Helogale parvula) is able to extract information about the caller in
situations of resource defense assuming a more vigilant posture when recognizing
the call of a higher ranking animal, which has the potential to steal its food (Sharpe et
al., 2013). In birds, the brown-throated parakeet Aratinga pertinax employs individual
calls to recruit conspecifics and recognize social partners to share a food resource
(Buhrman-Deever et al., 2008), while females of the green-rumped parrotlet (Forpus
passerinus) recognize the call of their partner, helping them to discriminate them from
other, potentially infanticidal males (Berg et al., 2011).

Leaving aside the debate on possible functions of each call, the occurrence of
individuality in more than one call type, as we have shown here, has also important
implications for conservation. For example, individuality allows carrying out
population censuses (Terry et al., 2005) in feeding/breeding grounds of Eubalaena
australis from data collected by passive acoustic monitoring [PAM, a kind of
bioacoustical study in which automated recorders are deployed underwater to record
sounds (Ward, 2020)], and not by visual data only. Getting data on marine mammals
by visual monitoring is hindered by long submersion periods, but they can still be
monitored acoustically in such situations, as we have done here (Marsh et al., 2018).
Actually, in some situations, the acoustic record is the only proof that an animal has
been in a given location (Terry et al., 2005). The technique of using PAM was already
used with different populations of E. australis, such as in Uruguay (Tellechea &
Norbis, 2012), New Zealand (Webster et al., 2019), South Georgia Island (Calderan
et al., 2021) and Brazil (Dombroski et al., 2016). The occurrence of individuality may
thus be used in the development of an algorithm for automated detection of sounds
emitted by the species up to the individual level. Such recognition would allow
quantifying the number of animals in a given area in a remote way (Clink & Klinck,
2020).

4.1 | Nonlinear phenomena (NLP) in E. australis

All 5 types of nonlinear phenomena were seen in 4 out of the 5 individuals of
E. australis that we analyzed. Similarly, all types of NLP were found in E. glacialis, as
well as the occurrence of more than one type of NLP in the same call (Tyson et al.,
2007), something that we have also found. Data on the NLP can be looked at both

from an individuality and functional perspective. As shown by the literature, studies
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have suggested that NLP may help in the individual recognition (Papale et al., 2015).
For example, calls with biphonation, side bands and sub-harmonics may indicate
individuality in some species (Fitch et al., 2002).

Our data show a large difference in frequency of occurrence of NLP, with the
juvenile showing many more instances of NLP than the adult females. A possible
reason is that we mostly recorded the females emitting single and double pulses,
which do not show NLP. Besides, juveniles are in a phase of development of the
vocal apparatus, which may favor the occurrence of calls with NLP, which may
reduce in frequency as the apparatus matures (Sportelli et al., 2022).

The difference in frequency we have found may be more related to the
behavioral context than to age, however, as proposed by Root-Gutteridge et al.
(2018). The juvenile in the present study had its higher calling rates when interacting
with atleast one other animal, what may be related to the emission of different call
types than single and double pulses and, accordingly, the occurrence of biphonation
and side bands would be related more to the context and the call types than to age
per se.

As for the sub-harmonics, Riede and coworkers (1997) related them to sick
voices, while Root-Gutteridge et al. (2018) found that they happen more often in adult
animals and, when produced by juveniles, are found associated with deterministic
chaos. In our study, only the juvenile showed this NLP, and it was produced in upcalls
(not recorded in the females) and hybrid calls (rarely recorded in adults). Thus, it
seems, as in the previous case, that it might be more related to call type and/or
context than to age or sickness.

Root-Gutteridge et al. (2018) have shown that deterministic chaos has been
reported more often in juveniles, decreasing with age, then increasing again at older
ages. On the other hand, other authors have suggested that this NLP may be related
to stress in mammals (Viljoen et al., 2015). Our data would be compatible with both
suggestions, since only the juvenile produced the call, but, as above, it was
registered in calls rarely or not recorded in adults at all. Thus, its occurrence is also
compatible with a contextual explanation.

Future studies, with a larger sample of individuals from different age-sex
classes and emitting different call types (preferably associated with behavioural data)
need to be carried out both to allow NLP to be incorporated in individuality analyses,

as well as to test for functional/contextual explanations.
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4 CONCLUSAO GERAL

Concluimos que as variaveis utilizadas, bem como o modelo proposto,
possuem grande potencial na deteccdo de individualidade nos chamados de
Eubalaena australis. A individualidade pode implicar em melhora nos estudos
acusticos, no monitoramento acustico passivo e na sua aplicacdo para estudos de
censo da espécie. Mais estudos sd0 necessarios, com uma maior quantidade de
animais, para compreender se 0S receptores conseguem perceber tais
caracteristicas que tornam o chamado unico.

N&o foi possivel utilizar os FNL como uma variavel no modelo estatistico de
individualidade dada a sua pequena ocorréncia, mas parece que eles predominam e
comportam individualidade em animais mais jovens. Até onde investigamos, essa € a
primeira descricdo da presenca de fendbmenos néo lineares em Eubalaena australis,

sendo que todos os 5 fendbmenos foram encontrados nas vocalizagdes.



